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2 Symplectic Weinstein
$N$ Ha,milton 1
$\frac{clx}{dt}.=J\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}H(x)$ , , ,$J=\text{ }$ (2.1)






$K$ ${}^{t}PKP=K$ $\mathrm{P}$ Lie Lie
(
$G_{-1}^{\mathrm{Y}}$ $=$ $\{P\in^{-}G.L(‘ \mathit{2}N, ’.R)|{}^{t}PKP=K, \det(I+P)\neq 0\}$ ,
$g_{1}$ $=$ $\{Q\in\dot{M}(2N, R)|{}^{t}QK+KQ=0, \det(I-Q)\neq 0\}$ .
1 $\sigma$ : $g_{1}arrow G_{-1}$ $\tau$ : $G_{-1}arrow g_{1}$
-
$\sigma(Q)=(I+Q)(I-Q)^{-}1$ , $\tau(P)---(I-P)(I+P)^{-1}$ . (2.2)
$()$ $K=I$ $\sigma(-Q)$ Cayley
(’
$K=J$
Cayley symplectic ( ) Lie
( ) $()$ $G_{-1}$ $g_{1}$ $K=J$
$()$
$\sigma(Q)$ Pad\’e $\mathrm{H}\mathrm{a}\mathrm{I}\mathrm{n}\mathrm{i}1_{-}$






, Jacobi $P\equiv\partial\phi/\partial_{X}$ $- 1$ (2.3)
$\sim \mathit{7}=(\phi(x)+x)/2$ , (2.4a)
$u)=(\emptyset(_{X})-X)/2$ , $(‘ 2.4\mathrm{b})$
$\det(I+P)\neq 0$ (2.4a) (
) $x$ 2 $(2 .4\mathrm{b})$ $w$ $z$
$T(z)= \frac{\phi(x(Z))-x(_{Z})}{2}$ $(‘ \mathit{2}.5)$
2
$y=z+T(z)$ , $x=z-T(_{Z})$ . (2.6)
$()$
$T(z)$ $(2 .4\mathrm{a})$ (2.5) Jacobi $Q$
1 $()$ $Q$ $\tau(P)$ 1 1
$()$ (2.3) symplectic
3
2 (2.3) \sim ympl\epsilon ctic Jacobi -1
$S(z)$
$y=z+,J$ . grad $‘ 9(- z)$ , $x=z-J$ . grad $‘ 9(- z)$ , (2.7a)
$\langle$
$P\in G_{-1}$ 1 $.Q\in g_{1}$ 2.5
$T$ $J\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}S$ (
1 $S?/\mathrm{t}7npleC.tic$. (2.7a) , $S$ Weinstein
(’
2 symplectic (2.7a)
$y=x_{7\iota+1},$ $x=x_{n}$ ( $n$ ) Hanulton
(2.1) , ,
$‘ 9(z)=. \frac{h}{\mathit{2}}H(z)+o(h)$ ( ) (2.7b)
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$\mathit{9}r\cdot ad$ ‘-g (2.8)
$()$ (2.7) ,





3‘$’IA- $\oint$) $h$ 3
1. $\oint J_{-h}=\mathit{4}$) $l\iota-1()$









$\lambda 9=h\cdot H/2$ ,
1. $’\psi_{h}$’ ( )Euler
2. $\phi_{h}$ (1 Gauss-Legendre )


















( ) $s$ RK
$x_{n+1}=x_{7\iota}+\text{ }(b1k1+b_{2}k‘ 2+\cdots+bk)ss$
$A=(a_{ij}, )_{\text{ }}b=^{t}(b_{1}, b_{\mathit{2}}‘, \cdot. . , b_{s})$ $\mathrm{R}$ K
(3.1) Butcher ( $\mathrm{B}(1)$ )
$b_{1}+b_{2}+\cdots+b_{S}=1$ (3.3)
$()$ \acute \supset (3.3) (3.1) 1\acute \supset $\mathrm{R}\mathrm{K}$
$()$ RK $\mathrm{B}(1)$ $\mathrm{C}(1)$
$c_{i}= \sum_{j=1}^{s}aij$ , $i=.1$ , $\cdot$ .. , $s$
RK Stetter














$Re(z)<0$ $|R(z)|\leq 1$ (3.5)
\S 5 symplectic
A ( ) (’
$rn_{i_{J}}’\cdot=biaij’+b,’\cdot a_{i}’,\cdot-bibj$’ (3.6)
$M$
$()$ Sanz-Serna $M=0$ RK
Hamilton symplectic
$[1]$ (’







Stetter $\frac{A}{b^{T}}$ $\mathrm{R}\mathrm{K}$ 1




$\mathrm{R}\mathrm{K}$ , $\mathrm{R}\mathrm{K}$ (2.9)






$A+PAP^{-1}=eb^{T}$ , $Pb=b$, (4.1)
$\sigma$ $a_{ij^{\Gamma}}+a_{\sigma(i)\sigma}(j)=bj=b_{\sigma}(j’)$
(2.9) $\psi_{h}$ $RK$ $\frac{eb^{T}-2A}{b^{T}}$
(
2 $\mathrm{R}\mathrm{K}$ $(\ovalbox{\tt\small REJECT}$





($\alpha,$ $\beta$ ) , 2 4 $\psi_{h}$ ,
$-2\mathrm{c}\mathrm{v}2\beta$
$-2\theta 2(\mathrm{Y}$ 1 (4.2)
$\overline{1/21/2}$
$|\alpha|\leq|\beta|$ A [8, \S 2.2], $\alpha=0$ $[\mathit{8}, \S\backslash \mathit{4}\cdot \mathit{2}]_{0}$
(4.2) ,
1 . $\alpha=0$ , $\beta=\sqrt{3}/6$ Gauss-Le9endre
2. $\alpha=-1/4,$ $\beta=1/4$ Lobatto IIIA
3. $\alpha=1/4$ , $\beta=1/4$ Lobatto IIIB
4 . $\alpha+\beta=1/‘ 2$ Lobatto [10]
1 4 ( 4 $P=I$
)
$\mathrm{R}\mathrm{K}$







(4.1) $M$ (3.6) $PMP^{-1}=-P$
’ $M$ $\lambda$ $-\lambda$ (3.7) $M\geq 0$
$M=0$




SIA . symplectic RK
3 $\mathrm{R}\mathrm{K}$
(
1. $R.(z)R.(-\mathcal{Z})=1$ RK (
2. $\mathrm{R}\mathrm{K}$ $()$











1. symplectic A (5.1)
$()$
47
A syinlectic ( Hainilton )
$h>0$
2. J\
3. 2 (Hamilton 1)
$[12]_{\text{ }}$
(






(a-) Hamilton , symplectic
(b) (’





(1) $)$ 2 1 [14]
: $\mathrm{R}\mathrm{K}$ 2 1





( 2 $\mathrm{R}\mathrm{K}$ , , $M_{\text{ }}=0$
$\mathrm{R}\mathrm{K}$
$()$ \S 4 Gauss-Legendre
1 $\frac{1/4+\beta 1/41/4-\beta 1/4}{1/\mathit{2}1/\mathit{2}}$.
6 $\mathrm{R}\mathrm{K}$
,




$\mathrm{B}$ [8, \S 4.1]
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